Models indicate that there are strong gradients in element concentrations and in the pH of fluids at the slab-mantle interface -a major discontinuity deep within Earth. This transforms our view of global geochemical transport. See Letter p.420
T he chemical and isotopic composition of Earth's rocks and minerals carries a fingerprint of how and where they formed. This information provides a unique record of the spatial and time scales of past planetary processes and the fluxes of the chemical elements involved. Interpreting this record requires knowledge of the chemical conditions generated when aqueous fluids and minerals interact at extreme depths, but such knowledge has been hard to acquire. On page 420, Galvez et al. 1 report a method for computing the composition and chemical speciation of aqueous fluids in equilibrium with different rock types, and a predictive model for mass transport across the top of Earth's subduction depends on which nucleotide is bound [7] [8] [9] [10] [11] : either ATP or the product of ATP hydrolysis, ADP. When ATP is bound, the peptide-binding pocket is predominantly open, allowing easy, rapid access for substrates. When ADP is bound, the peptide-binding pocket is predominantly closed -reducing substrate access but enhancing the stability of the chaperone-substrate interaction after the substrate is bound. The ATP-bound state therefore probably binds large, mostly folded substrates much more readily than the ADP-bound state. Both ATP binding and hydrolysis are crucial to the conformational changes of Hsp70 that allow it to bind and release substrates as they fold.
It is therefore surprising that Mashaghi and colleagues find that Hsp70 is more effective in stabilizing the (nearly) mature conformation of maltose-binding protein when ADP is the predominant nucleotide present, rather than ATP. However, the authors note that the ratio of ADP to ATP in cells is high during heat stress, and therefore propose that the observed stabilization is beneficial to the cell under such conditions -it might provide a way of maintaining proteins in their functional, folded conformations for little expenditure of energy. This explanation makes sense, but more work is needed to understand the physiological relevance of the results.
Mashaghi and co-workers' study provides a wealth of information, but the limitations of the analysis should be kept in mind. The authors tested a single Hsp70: DnaK, a wellstudied model of these chaperones. But even though Hsp70s are highly evolutionarily conserved, there are substantial differences in both their amino-acid sequences and their specific cellular functions. Does the observed stabilization of folded protein substrates also occur in the Hsp70s of eukaryotic organisms (which include plants, animals and fungi)?
Moreover, Hsp70 activity in protein folding depends on the cooperation of two types of co-chaperone: J-proteins and nucleotideexchange factors (NEFs) 12, 13 . These cochaperones, especially NEFs, have much more diverse functions and amino-acid sequences than Hsp70s, so how do they fit into this expanded view of Hsp70 function? And most of Mashaghi Mass transport on our planet is driven by the motions of plates in Earth's outer shell (the lithosphere), and rocks formed at Earth's surface can be recycled to depths of up to 200 kilometres. As temperature and pressure rise with depth, the rocks undergo complex mineral transformations, including the release of volatile constituents such as water and carbon dioxide. These fluids are highly mobile in rock environments because of their low density and high buoyancy (Fig. 1) , and act as transport agents for diverse chemical elements.
When the fluids penetrate major discontinuities in the Earth, such as the boundary between subducting slabs of lithosphere and the upper mantle, they act as a medium for complex dissolution-precipitation reactions, which allow subducted minerals to attain chemical equilibrium in their new rock environment. These reactions strongly alter element and isotope concentrations in the fluid and surrounding rocks, and thus chemically differentiate Earth's materials, dictate element mobility and define global element fluxes.
Understanding the reactivity of aqueous and carbon-containing fluids with minerals and rocks in Earth's deep interior has been a longstanding challenge for laboratory research and dynamic simulations. However, experimental advances 2, 3 in the past few years have allowed mineral solubilities and the stabilities of chem ical species at extreme temperatures and pressures to be measured with un precedented accuracy. In parallel, atomistic simulations 4, 5 have delivered new calibrations of the electrostatic properties of water at such temperatures and pressures. These emerging data are essential for constructing sets of thermo dynamic data for aqueous chemical species, which are used in simulations to predict fluid-mineral reactions and element transfer in natural systems. Such predictive simulations typically involve more than six chem ical components, multiple mineral phases and tens of aqueous species in the fluid 6, 7 . Nevertheless, obtaining robust information about the simultaneous exchange of multiple elements between minerals and fluids at Earth's extreme depths has not been possible -until now. Galvez and colleagues' computational method is based on the idea that the chemical potentials of major components of Earth's mineral assemblages (such as silica, alumina and sodium oxide) are the same regardless of whether they exist as aqueous species or as solids in rocks. Chemical potentials can be determined for all components within stable mineral assemblages, and dictate the chemical activity of each species and overall element concentrations in coexisting fluids at any pressure and temperature. The authors realized that equilibria between mineral components (oxides) and ionic species can be expressed using simple, independent hydrolysis reactions, and used this as the basis of their computational approach.
Galvez and co-workers' simulations reveal that, during subduction of Earth's oceanic crust, minerals containing hydroxyl or carbonate groups break down as the pressure and temperature increase, forming volatile--free solid phases and a free fluid. The fluid progressi vely dissolves the mineral phases, and thus acquires diverse cations, which make it moderately alkaline. Minerals in peridotite rock in the upper mantle surrounding the subducting slab also initially produce fluid that is alkaline, underpinned by the release of calcium cations from the mineral assemblage to the fluid. But when the temperature exceeds about 500 o C, the calcium cations become compatible with high-temperature minerals and therefore partition into the minerals from the fluid. The acidity of the aqueous fluid in the mantle thus increases, reaching weakly alkaline or nearneutral conditions. This phenomenon does not occur in the rocks of the subducting slab, and so a sharp acidity gradient is generated at the slab-mantle boundary.
But how does the difference in acidity affect fluid reactivity and chemical modification across this major geological interface? Galvez and colleagues' simulations show that infiltration of slab-derived fluid into the over lying mantle causes highly nonlinear effects: a rapid increase in fluid pH, followed by a sharp decrease. The infiltrated rocks respond in a highly nonlinear way, and may reach the limit of their ability to buffer or moderate the pH changes after coming into contact with a certain amount of fluid. This finding transforms our view of when the chemical composition of Earth's major geological domains is modified and where these processes are localized. The authors extended their predictive approach to fluids of even greater complexity that contain appreciable concentrations of ligand species, such as carbonates or chlorine. This allowed the chemical cycles of volatiles (including CO 2 ) and feedback relationships between ligand behaviour and metal mobility to be addressed.
The principal sources of carbonates at subduction zones are oceanic sediments and variably altered oceanic crust, whereas chlorine is derived from ocean water in the rock's pore and fracture space. At temperatures of between 200 and 700 o C, these ligands gradually form negatively charged species in fluids, and so concentrations of cations -including hydrogen ions, H + , which determine pH -in the fluid rise to balance the negative charge. Aqueous fluids associated with any slab rock type will therefore probably be weakly alkaline to almost neutral. Many dissolution-precipitation reactions are acid-base exchange processes (they involve the exchange of metal ions by H + ), and so this relative increase in fluid acidity will probably promote the solubility and mobility of metals.
Earth's redox state changes between the upper continental crust and mantle by more than eight orders of magnitude 8, 9 , and exerts additional controls on the distribution of species in aqueous fluids. For example, iron(iii) species are much less stable and are less soluble in water than their iron(ii) counterparts, and CO 2 is more acidic than methane (CH 4 ). The effects of these characteristics act in conjunction to lower the net charge in the deep fluid and promote an increase in acidity. This perturbation propagates through different chemical species, resulting in new shifts of chemical equilibria and feedback relationships. Incorporation of redox equilibria into Galvez and colleagues' model will therefore probably allow previously unknown chemical gradients or interfaces to be identified in Earth's dynamic subduction systems. ■
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ome people enjoy getting as much sleep as possible, whereas others claim to need only a few hours each night. Some people remember their dreams well, others don't. What is the genetic basis for these individual differences? In 'forward' genetic screens, genes are mutated at random and the effects of each mutation on a behaviour or biological trait of interest are assessed. On page 378, Funato et al. 1 report a large forward-genetic screen that identifies two genetic mutations that mediate variations in sleep patterns in mice.
Forward genetics is considered a goldstandard technique for identifying and characterizing previously unknown roles for genes. But one key prerequisite is that the trait of interest can be accurately assessed (phenotyped). More than 20 years ago 2 , the phenotyping of circadian rhythms in mice through long-term recording of restactivity cycles allowed researchers to use forward genetics to identify genes involved in these rhythms. But it has proved difficult to successfully apply forward genetics to the more complex process of mammalian sleep.
Sleep is much more than simply rest. It consists of two states -non-rapid-eye-movement sleep (NREM sleep; also known as deep sleep) and rapid-eye-movement sleep (REM sleep; also known as paradoxical sleep and sometimes referred to as dream sleep). Accurate phenotyping of sleep is challenging because it requires the identification and quantification of each of these sleep states through long-term, large-scale recordings of electrophysiological signals that measure brain waves and muscle activity.
Funato and colleagues rose to this challenge, recording patterns of sleep for two consecutive days in more than 8,000 mice carrying genetic mutations that were randomly induced in one of their parents. One group of mice slept, on average, for about 15 hours a day -more than 3.5 hours longer than the average of all screened mice, and much longer than previously documented for laboratory mice 3 . The authors, aptly, dubbed these mutant mice Sleepy (Fig. 1) .
The researchers showed that NREM sleep is specifically altered in Sleepy mice. The mutants had deeper baseline NREM sleep and reacted to sleep loss with more-intense NREM sleep than control mice. The mice responded to wake-promoting compounds such as caffeine, and Funato et al. found no evidence of behavioural abnormalities, ruling out defects in wake-promoting neural circuits as the cause of increased sleep. There were also no obvious abnormalities in the period of the animals' circadian rhythms. This finding is interesting; alterations in genes that control circadian rhythms have previously been shown 4 to affect sleep, but the current experiment demonstrates that sleep-and circadian-based effects can be separated.
Funato and colleagues found that the mutation in Sleepy mice affects the Sik3 gene, which has not previously been implicated in sleep. A single-nucleotide mutation prevents the inclusion of the 13th protein-coding region (exon) of Sik3 in the SIK3 protein, presumably altering its activity. SIK3 is a protein-kinase enzyme that is expressed throughout the body and brain, and not just in known sleepregulating areas -drawing a parallel with the clock genes that control circadian rhythms, which are expressed not only in the circadian master regulator in the brain, but also throughout the body. A strength of the paper is that the authors confirmed that Sleepy is indeed caused by skipping exon 13 of Sik3. By either intro ducing the same point mutation or using a refined genome-editing technology in mice, they recapitulated the Sleepy phenotype. Furthermore, they demonstrate that mutations in Sik3 also affect sleep-like behaviours in fruit flies and roundworms, suggesting an evolutionarily conserved function for this gene.
From their screen, Funato et al. identified another group of mice, dubbed Dreamless, in which REM sleep time was reduced by an impressive 44% and occurred in shorter bouts than normal. It might be an overstatement to refer to these mice as Dreamless -some REM sleep remained, and humans also dream during NREM sleep 5 (and some might doubt that mice experience dreams in the first place). Nonetheless, Dreamless mice have very little REM sleep compared with control mice 3 . The researchers demonstrated that the mutation in Dreamless mice affects the Nalcn gene, which
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Sleepy and dreamless mutant mice
Sleep in mammals consists of non-rapid-eye-movement and rapid-eyemovement sleep. A large genetic screen reveals that these two sleep states are altered in mice by mutations dubbed Sleepy and Dreamless. See Article p.378
